Abstract. Continuous measurements of 03, CO, NOy, and SO2 and twice a day samples of hydrocarbons were made over a 40 day period in June and July 1995 at the downtown Nashville Southern Oxidants Study (SOS) site located on the rooftop of the Polk office building, 106 m above ground level, in the urban center. This site experiences elevated concentrations of VOCs, CO, and NOy due to local emissions from the Nashville urban area. High 03 concentrations were also observed and are discussed with reference to violations of the existing air quality standard and the much harder task of meeting the proposed 8 hour average standard. A comparison between the VOC measurements made from the Department of Energy G-1 aircraft with those measured downtown indicates a preferential loss of reactive ingredients in the samples taken outside of the city. The concentration ratios, VOC/CO (ppbC/ppb), VOC/NOx (ppbC/ppb), and CO/NOx (ppb/ppb) were calculated to be 0.32, 2.9, and 9.3, respectively, from morning samples. These ratios agree to within 35% with estimates from Nashville emissions.
A subset of the hydrocarbon samples (9% of AM and 37% of PM samples) had anomalously high concentrations of one or more of the compounds; i-butane, toluene, limonene, or betapinene. We suspect that these samples were contaminated with cleaning solvents or other volatile emitted products that are used at the office building. It was decided to discard these samples from the analysis. Identification was based on the ratio of ibutane to n-butane with the valid samples having a ratio less than one.
In addition, there were a small number of outliers that did not follow any pattern. These were identified by examining the fractional contribution that each species makes to the total VOC concentration of that sample. Species were judged to be outliers if that fractional contribution differed by more than 4 standard deviations from the average contribution of that species over the entire experimental period. If that was the case, the outlier was replaced by a concentration which yielded an average fractional contribution. This has only a minimal effect on the results presented here; on average, it reduced the total VOC concentration by 4%, most of which was contained in several clearly spurious spikes.
Hydrocarbon concentrations are reported here in units of parts per billion of carbon (ppbC). We also make use of the OH reactivity due to a single hydrocarbon or a mixture of hydrocarbons. The OH reactivity has units of per second and is given by k(VOC) = • k i (cm 3 molecules -l s -1) In Figure 3 we examine the daily maximum 1-hour and 8-hour averaged ozone concentrations measured downtown. These two averaging times form the basis of the current and proposed National Ambient Air Quality Standard for 03. Aside from an allowance for a specified number of exceedances, the current standard requires that 1-hour average 03 be less than 120 ppb; the proposed standard requires that an 8-hour average be less than 80 ppb. We note that the Polk building is not an official monitoring site and that there may be systematic differences between it and the official sites which are located at ground level. We also note that exceedances are determined for We start at 0000, at which point the peak in NOy and CO suggests that there is still upward mixing of surface level emissions to the 100 m height of the downtown observation site. The concentration of 03 is near zero at this time, which we ascribe to titration by NO. The decrease in primary pollutants at 0100 can be explained by a decrease in the height of the nocturnal boundary layer to below 100 m, thus cutting off the observation site from the surface. Sunrise is at 0600 which is also near the start of the morning rush hour. In response to increased emission rates and increased atmospheric mixing that accompanies As with the other primary pollutants, median anthropogenic hydrocarbon concentrations are higher in the morning (97 ppb C) than in the afternoon (45 ppb C). Reactivity per ppb of anthropogenic carbon does not vary indicating that the hydrocarbon mix observed in the afternoon is not any more aged than that observed in the morning. Effects of aging are clearly seen in the G-1 samples. According to Table 1 the median anthropogenic hydrocarbon concentration observed from the G-1 is a factor of 3.5 lower than downtown; but the median OH reactivity is a factor of 7 lower.
The median isoprene concentration does not change much from morning (1.10 ppbC) to afternoon (0.96 ppbC), although, as might be expected by the 2 order of magnitude range in concentration, there can be large differences between AM and PM on any given day. Because anthropogenic VOCs decrease in concentration in the afternoon while isoprene remains constant, we find that the contribution that isoprene makes to total OH-VOC reactivity is about a factor of 2 greater in the afternoon as compared with the morning. Although isoprene is usually a minor contributor to the total reactivity, there are a few occasions in the afternoon when it is the dominant reactive hydrocarbon. Isoprene levels observed from the G-1 are similar to those observed downtown. We believe that this is due to two opposing effects; namely, an increase in isoprene emission rate outside of the urban area and a decrease in isoprene concentration with altitude that reflects a very short atmospheric lifetime. Because the reactivity of the anthropogenic hydrocarbons decreases outside of the urban area, isoprene becomes, on average, the largest measured contributor to VOC-OH reactivity. Our analysis does not include daughter oxidation products which in the case of isoprene are quite reactive. We might therefore be underestimating the contribution that isoprene makes to OH reactivity. Biogenic reactivity is also underestimated by not 
Comparison With Emission Inventories
In this section we compare concentration and reactivity ratios determined from the downtown observations with the corresponding quantities determined from estimates of local emission rates. This comparison is performed to assess the accuracy of emission information.
There are two major categories of emission sources that could impact the downtown site; namely, the urban area in which the downtown site is located and the power plants located outside of the city. Table 2 indicates that NOx emissions from the Nashville metropolitan area are significantly smaller than that from the surrounding power plants. The three larger power plants, however, are located 80 or more km from the city center, so it is not a priori evident which source will contribute the most NOx to the Nashville urban area. According to Table 2 In order to minimize the effects of background concentration, the observed ratios in Table 3 have been determined as the slope of a linear least squares regression between the two quantities that make up the ratio. In performing the regressions we assume that both variables have equal "errors" [Imre et al., 1996] . This assumption applies when the departure from a perfect correlation reflects a real atmospheric variability. The equal error regression slope so obtained is the geometric mean between the slopes that are calculated by considering one and then the other variable as independent. Measurements errors for CO, NOy, and VOCs are estimated to be in the range 10-20% depending on absolute concentration. As the slopes in Table 3 respectively. The ratio, CO/NOy, that is in Table 3 was determined from CO and NOy measurements that coincide with the times of the hydrocarbon samples; these are the shaded points in Figure 8b . This figure shows two almost identical regression fits, which indicates that there is only a small difference between the CO to NOy ratio determined from the measurements coincident with the VOC samples and those determined from the entire 0600-1000 data set. Table 3 the observations reproduce the CO/NO x ratio in the 1990 NAPAP inventory and the VOC/NO x ratio in the 1995 SOS inventory. The problem of deducing errors in emission rates (assuming observations are accurate) is underdetermined, leaving us with a family of possible solutions. The simplest way to proceed is to assume that the two correct ratios imply that emissions of CO and NO x are correctly given by the 1990 inventory and that VOCs and NO x are correctly given in the 1995 inventory. This agrees with the perception that emission inventories are more accurate for NO x than for VOCs or CO [Fujita et at., 1992] . The remaining ratios can be brought into agreement with observations if the 1990 NAPAP VOC emission rate is decreased by 30% and the 1995 SOS CO emission rate is increased by about 35% (i.e., the 1990 VOC emissions are high, and the 1995 CO emissions are low). Although the VOCs in the 1990 inventory are 30% higher than suggested by observation, we note that the OH reaction rate constant is 77% of observed, which leaves the 1990 VOC mixture only slightly less reactive than the observed VOC mixture.
According to
Compared with some earlier attempts to reconcile emissions and ambient concentrations, the comparisons in Table 3 Most of the downtown VOC samples indicate that isoprene makes only a small contribution to OH reactivity (median contribution is 9 and 17% in the AM and PM, respectively), in contrast to what is found in samples taken outside of the city from the DOE G-1 aircraft. A comparison of a sample taken downtown on July 18 with a sample taken later in that day downwind of the city shows that there is a preferential loss of reactive alkenes and xylenes in the downwind sample.
Correlations between CO, NOy, and SO2 were used to establish the relatively minor influence of the nearby power plants on the downtown air. Because the downtown site is located in a high emission rate region, we are able to assess the accuracy of the Nashville urban area emission inventories by comparing emission ratios with the corresponding observed morning concentration ratios. The observed morning ratios were VOC/CO equal to 0.32 (ppbC/ppb), VOC/NOx equal to 2.9 (ppbC/ppb), and CO/NO x equal to 9.3 (ppb/ppb). The 1990 NAPAP emission estimates can be brought into agreement with these values if the VOC emission rate is decreased by 30%. The 1995 SOS inventory will agree if the CO emission rate is increased by about 35%. In contrast to comparisons that have been made in other locations, we do not find any evidence for large (i.e., factor of 2 or greater) underpredictions of CO or VOCs in the inventories.
